The electrocardiogram, phonocardiogram, carotid pulse tracing and apexcardiogram were simultaneously obtained in 25 patients with mitral valve prolapse syndrome and in 62 normal subjects. This allowed us to measure systolic and diastolic time intervals and to construct the apexcarotis diagram (ACD), a new mechanocardiographic method which integrated the catotid pulse tracing and the apexcardiogram in an orthogonal coordinate system. In mitral valve prolapse syndrome, the ACD showed curve of the segment of slow ventricular ejection (S-AC) to the right, and a decrease of the field of ventricular ejection. The measurment of time intervals gave statistically significant information on Q-I and A2-OS intervals.
SUMMARY
The electrocardiogram, phonocardiogram, carotid pulse tracing and apexcardiogram were simultaneously obtained in 25 patients with mitral valve prolapse syndrome and in 62 normal subjects. This allowed us to measure systolic and diastolic time intervals and to construct the apexcarotis diagram (ACD), a new mechanocardiographic method which integrated the catotid pulse tracing and the apexcardiogram in an orthogonal coordinate system. In mitral valve prolapse syndrome, the ACD showed curve of the segment of slow ventricular ejection (S-AC) to the right, and a decrease of the field of ventricular ejection. The measurment of time intervals gave statistically significant information on Q-I and A2-OS intervals. struction of functional diagram of the heart.1),2) The principle of the method consists in integration of apexcardiogram (ACG) and carotid puslse tracing (CP), recorded simultaneously in a single diagram-the apex-carotis diagram or ACD.1)-6) They described alterations of the ACD in chronic rheumatic valvulopathy, congenital heart disease, chronic pulmonary heart disease, and various cardiopathies. But there is lack of research about ACD in mitral valve prolapse syndrome. The ACD provides new ways of interpreting the systolic and diastolic time intervals of left ventricle, with which it is closely associated. All points described in the diagram are elements of the time intervals of cardiac cycle, since the individual segments of the diagram are in fact intervals of systole and diastole of left ventricle. Whereas the systolic and diastolic time intervals are linearely related to the duration of each phases of cardiac cycle, the ACD represents the cycle as a whole. It depicts not only the duration but also the path of the curve from point to point. This turn allows conclusion to be drawn regarding the velocity of the different segments.
The purpose of this study was to describe the structure of the ACD in mitral valve prolapse syndrome and to investigate the correlation between ACD features and systolic and diastolic time intervals. Cheng19) described the prolongation of Q-I and reduction of A2-OS intervals in mitral valve prolapse syndrome.
MATERIALS AND METHODS
Studies were performed on 25 patients with mitral valve prolapse syndrome, 11 males with an averge age of 36 years (range 15-57) and 14 females with an average of 37 years (range . The control group included 62 normal subjects, 42 males with an average age of 31 years (range 16-61) and 20 females with an averae age of 34 years (range 17-65). The diagnosis of mitral valve prolapse syndrome was based on history, clinical feature, electrocardiographic change, and phonocardiographic findings according to Barlow and Pocock8) and Malcolm et al.9) All patients must bhave in phonocardiogram nonejection systolic click (s) and midlate systolic murmur. Patients with isolated systolic click or isolated systolic murmur were not included in this study.
Probable etiology of mitral valve pathology and associated factors in our 25 patients with mitral valve prolapse syndrome are given in Fig.1 . The diagnosis of obstructive cardiomyopathy was confirmed by ventriculography, and that of ruptured chordae tendineae was suspected by echocardiography.
The patients included in this study fulfilled the following criteria: no cardiac failure; no administration of drugs capable of affecting myocardial contractility such as digitalis, catecholamines, atropine, beta-receptor blocking or antiarrhythmic agents; no atrioventricular block, no QRS duration more than 0.1sec, no hypertension or hypotension. Probable etiology of the mitral valve pathology and associated factors in 25 patients with nonejection click-late systolic murmur. tracing on the vertical axis (ordinate). Connection of the different points in a chronological order forms a diagram, i.e. ACD.1)-6) On the diagram it is possible to identify the different phases of cardiac cycle, which represent its main elements:
Points: OM-opening of the mitral valve; MC-mitral closure; OA-opening of the aortic cusps; S-peak of ventricular ejection; AC-closure of the aortic cusps. Lines: OM-MC is the mitral line and AC-OA is the aortic line. Segments: MC-OA corresponds to isovolumetric contraction; AO-S to rapid ventricular ejection; S-AC to slow ventricular ejection; AC-OM to isolvoumetric relaxation and OM-MC is a diastolic segment or segment of ventricular filling. Field; The field of ventricular filling is enclosed with, the segment of ventricular filling and with the mitral line. The field of ventricular contraction is defined by the mitral and aortic lines on the one hand, and the segment of isovolumetric contraction and relaxation on the other hand. The field of ventricular ejection is enclosed with the aortic lines and with the segments OA-S and S-AC. Construction of ACD and its main elements are given in Fig.2. Fig.3 depicts the intervals used in this investigation. Rapid ventricular ejection time (r LVET) is a time required for reaching maximum height of CP tracing i.e. from the onset of CP upstroke to its maximum height. Slow ventricular ejection (a LVET) elepses from maximum height of CP tracing to the onset of the dicrotic notch. All intervals were corrected for heart rate by Bazett's formula. 
DISCUSSION
Numerous studies over the past 16 years have shown that systolic nonejection click and associated mid-late systolic murmur are due to an abnormality of the mitral valve.7)-9),11)-18)
For the first time Kesteloot and VanHoute11) and Willems et al12) described downslope or retraction of the systolic plateau of ACG in patients with mitral valve prolapse syndrome. Similar changes in ACG were found by several investigators.8),9),13)-17) Willems et al12) found a retraction or a more steep downslope of the systolic wave of CP tracing in patients with mitral velve prolapse syndrome, and later this finding was confirmed by many authors.7),14),15),18) This downslope of the systolic plateau of ACG and systolic retraction of CP tracing exactly coincide with the nonejection click or with the onset of the mid (late) systolic murmur.8),9),11)-18) These abnormalities of ACG and CP tracing are though to be a reflection of the altered hemodynamics as a consequence of the prolapsing mitral valve. Thus Willems et al12) obtained marked difference between the right and left ventricular pressure curves. In the left ventricular curve they found an inflection of the downslope, which coincided with the systolic deep retraction on simultaneously recorde CP tracing, and with systolic click and onset of mid (late) systolic murmur. Barlow and Pocock8) support the hypothesis that the systolic retraction results from tugging of chordae of papillary muscles at the time of peak prolapse of the leaflet. Spencer et al16) suppose that the systolic retraction on the ACG suggests abnormal contraction due to the systolic decompression of the left ventricle by the prolapsing mitral leaflets and represents a 'checking' phenomenon associated with the abrupt halt of blood and that this phenomenon represents an abrupt change in the systolic impedance to left ventricular ejection as the suddenly taut mitral leaflets halt the transfer of blood beneath them directing the ejection of the remaining stroke volume exclusively into the aorta against a higher impedance. The ACD, integrated in itself of 2 curves reflecting hemodynamics, potentiates the changes of each component curves.
In conclusion, our findins relative to the changes of systolic and diastolic time intervals in mitral valve prolapse syndrome are in agreement with Cheng.19) The ACD as related to the systolic and diastolic time intervals provides more complete information than classical mechanogram and opens a new way of investigating the cardiac cycle and cardiac function .
